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We investigated the formation of Thermoelectrets 
from inorganic Zr02-Y203 under various parameters including 
electric field strength, temperature of formation, sample 
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detector probe under conditions of open circuit and 
exposure to ambient laboratory environment is observed. 
Deposition of surface charge densities of the order of 
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Chapter I 
INTRODUCTION 
Interest in the properties of electret formation is 
more than academic. Electrets are used in industrial 
applications ranging from electret transducers to 
pyroelectric polymer devices. 
A survey of the literature reveals that there are 
relatively few research reports concerning electret 
behavior in inorganic materials. There have been 
investigations on glass, sulfur, calcium sulfate, and 
other substances. Electret-like behavior of barium 
titanate (ceramic) polarized in an electric field was 
reported in 1953. This behavior was attributed to 
ferroelectric properties of BaTiÜ3 . It is our wish or 
aim to investigate and hopefully contribute to the body 
of knowledge concerning the inorganic electret phenomenon. 
Electrets are often thought of as being analogous 
to permanent magnets. Electret properties may be due to 
monopolar or dipolar charges while those of magnets are 
due to dipoles only. An electret may be defined as a piece 
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of dilectric material exhibiting a quasi-permanent 
electrical charge. The term "quasi-permanent" means that 
the time constants characteristic for the decay of 
electrical charge is much longer than the time periods 
under which studies are performed. The term "electret" 
was coined by Oliver Heavyside to denote and electrified 
dielectric with two ends oppositely charged [2]. 
There are several ways of characterizing charges 
associated with electret behavior. The electric charge 
may consist of surface or volume charges or may be a 
combination of the two. The space or volume charges could 
be electric dipoles frozen in place or charge carriers 
displaced within the volume of the dielectric. It is 
believed the displaced charge carriers would resemble di¬ 
pole polarization. The surface charges are comprised 
of trapped layers of charges. If the charges are displac¬ 
ed to domain boundaries, then they are referred to as Max 
well-Wagner polarization [14], An electret having a metal 
electrode attached to one side i.e. metallized, has 
compensation charge residing on the electrode. The charge 
is unable to cross the energy barrier between the 
dielectric and the metal. The electric field arises due 
to charge separation, not to net charge, because the 
net charge is usually zero. An electret not having a 
metal electrode produces an electrostatic field if the 
charges are compensated for everywhere in the dielectric. 
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Classically, electrets were made of waxes (carnauba, 
shellac, bees, etc.) or similar materials. Presently much 
electret research deals with thin-film polymers. Electret 
properties were described as early as 1732 by Gray. He 
mentioned the "perpetual attractive power" of dielectrics 
such as waxes, rosins, and sulfur. 
A prominent Japanese scientist of the name Eguchi 
began systematic investigations of electret behavior in 
1919. He formed electrets by applying an electric field to 
heated dielectrics. The dielectrics were cooled while the 
electric field was maintained. This method of formation 
was termed as a thermal method. In the years that follow¬ 
ed, methods of formation differed from that of Eguchi. The 
formation of space-charge (or surface charge) can be ac¬ 
complished by contact electrification, ion beams, and 
other techniques. These methods achieve electret formation 
by depositing or injecting charge carriers onto or through 
non—metallized surfaces. Surface charge electrets may be 
produced by generation of charge carriers with light, 
radiation, heat and simultaneous separation of charge by a 
field. 
Most electrets have been formed by applying an 
electric field to dielectric material, containing polar 
groups, at elevated temperatures or at room temperature. 
The faces (or surfaces) of electrets sometimes 
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acquire charges of the same polarity of the polarizing, 
adjacent electrodes, while at other times, the electret 
faces indicate charges opposite to those of the contact 
electrodes. The former has been termed as homocharge and 
the latter as heterocharge. We refer to homocharges as the 
true (surface or space) charges. Both charges exist 
simultaneously in polarized dielectrics. 
This paper focuses thermal charge deposition on 
single crystal zirconia (Zr02), stabilized with 9.4% molar 
yittria (Y203) to form stable inorganic electrets by using 
an apparatus incoporating external electrodes. Zirconia 
electrets were prepared at temperatures ranging from room 
temperature to 150 °C and under electric fields produced 
by potentials of up to 30 kilovolts. Variations of 
suspected parameters have been investigated from the 
standpoint of obtaining insight to the electronic 
properties of Zr02 as they relate to charge deposition or 
displacement and the accompanying stability. 
ZIRCONIA: A GENERAL INTRODUCTION 
In the last decade there has been experienced 
an increased interest in zirconia. This is evidenced 
by several international conferences [4] devoted entirely 
to zirconia, and literature found in scientific journals. 
Commonly known as fine ceramics, engineering ceramics 
or high technology ceramics, new materials, of which zir¬ 
conia forms one important class, are being considered 
for a wide variety of technological applications. These 
types of uses are made possible because of advances made 
in the technology of powder processing and ceramics form¬ 
ing techniques [4], 
Zirconium dioxide (ZrC^) has been studied 
because of its refractory nature, mechanical properties 
and high temperature electrical conductivity. Zirconia, 
in its pure form, has limited use as a ceramic because 
of a destructive phase transformation which occurs near 
o 
1000 C. This transformation is eliminated by reacting 
certain oxides (cubic shape) with Zr02to stabilize the 
structure. These can be added in varying amounts of the 
stabilizing oxides, particularly MgO, CaO, and Y2O3. 
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Novel and innovative materials have been developed 
which have brought about considerable technological 
change. There are commercially available materials 
consisting of almost 100% tetragonal ZrO2-Y203with 
very high fracture strengths (800-1275 MPa) and good 
toughness (Kc =89.4 MPa m'5 ). The material is being 
used to manufacture guide threads, extrusion and drawing 
dies and heads for the cyclones of mineral separators. 
It is common practice to use zirconia to enhance the 
thermal shock resistance of other ceramic materials. 
It is added to alumina for use in sliding gate valves 
which are an integral part of the continuous casting 
process for steel and also for nozzles and stoppers of 
transfer and holding ladles, where the combined effect 
of thermal shock and erosion would lead to rapid failure 
of other materials. Solid solutions of zirconia oxides 
are used as electrolytes. The use of zirconia based oxygen 
sensors is now widespread, particularly in applications 
such as combustion control, atmosphere control in heat 
furnances and as a monitor for oxygen content of molten 
metals. The development of properties desirable for 
industrial uses are attained by control of the 
microstructures of the mineral. It is the microstructure 
with which we are interested in this report. The element 
zirconium is found in igneous rocks such as chlorites, 
schists,gneiss, syenite and granite. It occurs as the 
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free oxide baddeleyite, which always has a small amount of 
hafium oxide present and as the compound oxide with 
silica, zircon (Zr02-SiC>2). 
STRUCTURE 
* 
Zirconia Exhibits three well defined polymorphs the 
monoclinic, tetragonal and cubic phases. It can also exist 
in orthorombic form at high pressures. The monoclinic 
phase is stable up to about 1170 °C where it transforms to 
the tetragonal phase, which is stable up to about 2370 °C 
where the cubic form exist up to the melting point of 
2600 °C. The phases present, their amount, size and 
distribution, are significant factors affecting the 
material properties. 
Monoclinic ZrO ? 
Baddeleyite, naturally occuring ZrÛ2 , a free 
oxide, was discovered in Bra.zil by Hussal [8] in 1892. 
In 1929 the symmetry of the unit cell was determined 
to be monoclinic by x-ray diffraction (XRD). This was 
done by Ruff and Ebert [8], A structure determination 
was done in 1959 by McCullough and Trueblood [9]. Smith 
and Newkirk [10] performed a three-dimensional least 
8 
squares refinement of collected XRD data. They used the 
structural parameters reported by McCullough and Trueblood 
[9] as a model. The structure was reported to be a 
distorted fluorite (CaF ) type structure composed of 
layers of Zr+^ions arranged parallel to the (100) planes 
with layers of triangularly-coordinated oxygens (0j) and 
tetrahedrally-coordinated oxygens (Oj) located parallel to 
and on opposite sides of the Zr+i!tlayers. Zirconium 
exhibits seven-fold coordination in this arrangement and , 
forms a coordination polyhedron containing a variety of 
Zr-0 bond distances and bond angles (Fig.l). 
Fig. 1. Monoclinic ZrC^ Coordination Polyhedron 
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Tetragonal ZrOa 
In the temperature range of 1170-2370 °C 
, the stable phase of Zr02 is a tetragonal modifi¬ 
cation. It has been reported [13] that the unit cell 
contained two Zr+4 ions and four 0~2 ions. Teufer 
determined from high temperature XRD, on the basis of 
a primitive tetragonal lattice and the P/nmc space group, 
that in this stucture, Zr+4 becomes eight-fold coordinate 
with 0~2. This modification has also been described as 
a distorted fluorite structure with the oxygen sites 
being displaced from those in an ideal fluorite structure 
in the <100> directions. 
Cubic ZrO? 
The cubic phase of Zr02 was discovered using high 
temperature XRD, by Smith and Cline [13]. This phase 
is stable for temperatures above 2370 °C. 
IT was determined that this phase was isostructural with 
CaF , with the unit cell containing four molecules of 
ZrÜ2 • The structure can be divided into distinct cation 
and anion sublattices (Fig.2). The coordination polyhedron 
contains a Zr+4 ion surrounded by eight 0~2 ions located 
in the corners of a cubic arrangement (Fig. 3). 
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Figure 2. Fluorite-Structure 
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Figure 3. Fluorite,Coordination Polyhedron 
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PRECIPITATION AND ORDERING 
Zirconia has limited use at high temperatures due 
to a large volume change associated with the monoclinic- 
tetragonal phase transformation occurring near 1000 ? C 
This problem can be overcome by reacting pure Zr02 with 
various cubic divalent,trivalent, and rare earth oxides 
to form cubic solid solutions that will not undergo phase 
transformations from room temperature to the melting 
point. The process of producing these solid solutions 
is reffered to as "phase stabilization." Many oxides 
have been used to stabilize pure zirconia, but most 
studies have concentrated on the use of calcia (CaO), 
magnesia (MgO), and yttria (Y2 O3 ) as stabilizing oxides. 
A cubic phase field (fluorite-type) was reported to extend 
from 7 to 55 mole percent 0^ [14]. 
Zirconia solid solutions stabilized in the flourite 
structure by additions of CaO, Y2 0^ etc. have been shown 
to show complex X-ray diffraction traces. Thermal 
treatments, typically aging at 1273 °C 
for up to 1000 hr and for much shorter times at 1673 °C, 
cause changes in diffuse reflections, 
in particular a decrease in ordering occurs. Extra 
reflections (forbidden for flourite type structures) 
were observed on aging at lower temperatures. 
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The phenomenon has been studied using transmission 
electron miccroscopy for Zr02-Ca0, Zr02-Y203 and IIü02 — 
CaO. It has been concluded [4] that two different diffrac 
tion phenomena have been observed. The diffuse features 
in the diffraction patterns are related to either 
imperfect long range ordering or to a significant amount 
of short range ordering of oxygen vacancies of (i) 
tetragonal zirconia which can, if large enough, or in 
an unconstrained enviroment.transform to the monoclinic 
form; (ii) the delvelopment of complex compounds. Both 
precipitates form as a result of an eutectoid reaction 





fluorite s.s) > ZrO^ tet + CaZr4°9 
ZrO 2mon 
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Structure of Stabilized Zirconias 
Additions of stabilizing oxides containing ali 
ovalent metal cations to ZrC>2 produce high concentrations 
of point defects in the cubic structure to maintain charg 
neutrality in the lattice. There are two types of defect 
stuctures which satisfy these conditions. In the first 
structure, excess cations occupy interstitial sites in 
the lattice . In the second, oxygen site vacancies are 
created. These two structures are normally referred to 





There are many methods for forming dipolar and 
space charge in dielectrics. Space-charge or surface 
charge electrets are mostly formed by depositing or 
injecting charge carriers onto or through a dielectric 
surface by discharges, by laid-on electrodes charged to 
desired potentials, by ion beams, or other techniques . 
Other methods to produce electrets involve the use of 
radiation, light and heat (while applying a potential 
across the surfaces) to generate charge carriers within 
the dielectric. Dipolar orientation in dielectrics has 
been achieved by corona discharge. The resulting 
orientation is caused by the field of the deposited 
charges. The magnitude of stored charge is attenuated or 
limited by external or internal breakdown whenever the 
charges generate fields of sufficient magnitude. Internal 
breakdown effects are contingent on the dielectric 
strength of the material. Sample thickness is 
insignificantly correlated with the stored charge. 
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The conditions are not quite the same with res 
pect to external breakdown. The value of the voltage 
across the gap between the electrode-sample interface 
is dependent upon the phenomenon known as Paschen 
breakdown, which is related to the geometry of the inter¬ 
face and gas composition and pressure. 
Thermal Charging 
Our production of electrets involves the appli¬ 
cation of heat. B. Gross in preliminary studies involving 
electrets reported on the influence of temperature on 
dielectric adsorption. The reasoning, being guided by the 
idea that the electret effect must be related to various 
other aspects of alnomalous behavior of solid dielectrics 
The value of the frozen charge depends on 
the nature of the dielectric, on the charging 
time, and on the difference of temperature between 
charge and discharge, but it is independent of the 
rate of cooling. The explanation of the effect is 
found in the enormous increase , with rising 
temperature of both the charging and discharging 
velocity. The true absorption capacitance of 
capacitors with solid dielectrics is frenquently 
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much higher than is usally believed. But the 
charging velocity at room temperature is so low 
that at such.-, temperatures the capacitors never 
charges completely. On the contrary in the first 
stage of our experiment the capacitor is almost 
completely charged in a brief time because it is 
charged at the high temperature. In the second 
stage (beginning with the short circuit), the 
capacitor is far from bieng completely discharged 
even after a long time because at the low 
temperature it is discharged at a low speed; thus 
the dissipation of the absorbed quantity of 
electricity is so small that part of it is trapped 
in the dielectric. Whatever the nature of these 
frozen charges, they must produce electric fields. 
This type of dielectric absorption yields 
therefore necessarily the electret effect ...[16], 
Thermal charging or polarization of zirconia is 
accomplished by applying an electric field across the 
parallel surfaces of samples while the sample is maintain 
ed at an elevated temperature for a sufficiently long 
period of time and cooling while while the field is still 
applied. Our samples were treated under various field 




5 10 15 20 30 40 
Areal Charge 
(coul/ce2) 
-urns-** 1.0x10-’ 1.1X10-* 2.3x10-’ 2.67X10-9 2.5X10-9 
Effect of Field Strength on Surface Charge of 2r02-Y203 * 
Thickness =.1 ce, Teeperature =80°C, soaking period = 15hr, ground brass electrodes. 
Soaking Period 
( hrs ) 
.5 1 2 10 15 4.0 
Areal Charge 
(coul/ce2) 
1.5X10-10 2.6X10-10 1.3X10-9 2.3x10-9 2.67X10-9 2.5X10-9 
Effect of Soaking Period on Surface Charge of Zr02-Y20s * 
Thickness =.l ce, Teeperature =80°C, electric field strength = 25Kv/ca, ground brass electrodes. 
Soaking Teeperature 25 50 
( °C ) 
70 80 108 200 
Areal Chargeace 
(coul/ce2) 
1.5X10-9 2.0X10-10 1.1X10-9 2.1x10-9 1.0X18-9 1.4X10-10** 
Effect of Teeperature on Surface Charge of Zr02-Y20, » 
Thickness =.1 ce, electric field strength * 25Kv/ce, soaking period - lhr, ground brass electrodes. 
Table 2. 1 Effect of field strength on surface charge. 
* « 
tt 
easurenents Here oade on the posutive el___ 
For teeperatures above 100 °C current rises to an 
ess,of ,.,B*a (an, overload condition for th enc .p .  di 
circuit). Hence, the field eust be 





H.V. Power Supply Electrometer 
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g. 4 Laid-on electrode charging arrangement. 
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In principle there are three types of phenomena 
which can occur in thermal charging, namely (1) internal 
polarization with the sign of a heterocharge due to 
dipolar alignment with the external field, or charge 
carrier separation within the dielectric, (2) homocharge 
is deposited due to electrical discharges in the air 
gaps, and (3) homocharge injection through the points 
of contact of sample surfaces and electrodes. The degree 
to which these phenomena occur during charging depends 
on the field strength, the temperature , the geometry 
of the experiment, and on the physics of the electrode¬ 
sample interface, among other factors [14]. 
Dipole Alignment 
At elevated temperatures, where the molecules are 
sufficiently mobile, dipole alignment occurs. When cooled, 
the dipoles are frozen in place, giving rise to a quasi¬ 
permanent polarization. The alignment is controlled by 
the Debye equation relating the change in polarization 
to the already existing polarization Pp , the electric 
field E and the distribution of the dipole relaxation fre¬ 
quencies [14]. Given as single dipole-relaxation frequency 
ct (t), one obtains [16] 
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(1) dPp (t)/dt + o(T) Pp(t) = eo (eg - ej (T)E 
where and are static and optical dielectric 
constants respectively. These dielectric constants are 
weakly temperature dependent. 
Our dielectric is cooled for a short time relative 
to the time that the sample is maintained at the soaking 
temperature. In this case the dipole alignment is done 
predominatly at the elevated temperature phase and the 
isothermal solution of equation (1) is considered as 
reasonably accurate yields 
(2) Pp(t) = eQUs-en ) 
Et1-£ “(T)t] . 
Charge Separation 
Within the dielectric internal polarization is 
a function of the conduction between interfaces, such 
as the domain boundaries (Maxwell-Wagner effect), or 
over the entire thickness of the electret. "The charge 
variation -da /dy at the interface due to the applied 
voltage VQ is , by means of 
(3) ic(0,t)—do(0,t)/dt 
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is given by the conduction current 
(4) ic=g(T)E, 
where g is conductivity. 
Charge Injection 
In the case of deposited electrodes charge may 
be injected if the electrodes are not blocking. Charge 
injection is controlled by Schottky emission [2] which 
yields a current density of 
(5) i = i0 exp(-( A3> - B % )/kT). 
where E is the field at the injecting electrode, A$ 
is the difference in the work functions between the 
electrode and the surface of the dielectric and B 
is the Schottky coefficient which equals (e3 /4 fi x 
ex eo• This injection current may be peturbed by 
a time dependence as exhibited by some highly insulating 
materials with strong trapping. 
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Potentials, Electric Fields and Charges 
Consider an infinite plane sheet of positive 
charges in free space with uniform areal density of charge 
o , where is measured in coulombs/cm . An 
electric field projects perpendicularly away from the 
plane of charges on both sides, with strength 
a / 2 e0 where eQ is the permittivity of free 
space. If grounded conductors are brought near to and 
parallel to the plane of charges on both sides, at 
distances sf and sb , respectively (where the subscripts f 
and b designate front and back), the field strengths on 
the two sides are only equal (and opposite) when s is 
equal to sb . The field distributions between front and 
back are given by 
(5) Ef =(sf/(sb + sf ))x(o / e0 ) 
(6) Eb=(sf/(s^. +sb ))x( a / 
£0 ). 
The case of the infinite double layer of charge was first 
analyzed by von Hemlholtz [15]. We will define a uniform 
double layer of charge as two layers  o ne with positive 
charges and one with negative charges  separated by 
a distance s. The characterzation uniform signifies that 
the product s x a is constant everywhere, s x a is 
called the dipole moment per unit area or the dipole 
strength of the double layer. 
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In free space, a uniform double layer of infinite 
extent has no electric field on ether side of it, but 
the potential jumps by (s x a)/ e0 volts from 
one side to the other side. 
In our case, the situation of usual interest is 
to have + and - charges of magnitude s of such a 
double layer on the front and back surfaces of single 
crystal Zr02 -Y203 . It is beyond the scope of this paper 
to determine whether the zirconia is charged uniformly 
with +0 or -a at the exposed faces or whether 
free external charges of this magnitude have become 
attached to the faces. We shall normally picture a plane 
conductor at a distance s from the front face of the 
zirconia and another at a distance s from the back face 
of the zirconia. The thickness of the zirconia enters 
into the electrostatic calculations in the form of 
s/e , where e is the dielectric constant of 
zirconia, quoted as having an approximate value of 12 
at dc or low frequencies [16]. The electric fields in 
front and behind the zirconia are then 
(7) Ef =( sf / eQ ) C ( a / e +sb)/(sf + d/ e +sb)) 
+( sb / ) (sb/(s f+d/ e +sb) eo 
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and 
(8) Eb=( sb /e0 )((s/ e +sf)/(s +d/ e +sb)) 
+ ( sf / e o )(sf/(sf + d/ e +Sb ) • 
We shall write the denominator, sf+s/ e + sb, as s'. 
It is not exactly equal to the total distance from the 
front conductor to the back conductor because the 
thickness of the crystal is only included in its 
diminished form s/ e . Since E f is symmetric in form 
with Eb, in further discussions we will only deal with 
Ef. 
Equation (7) for some purposes may be more convenient 
in the form 
Eq. (9) 
E
f = (( sf .+ sfe )/ e g )(sb/s') + (( sf x s )/
e )/eos* • 
The field E ^ extends from the front face of the zirconia 
to the front of the conductor, and such a front conductor 
is often used as a probe to measure the field produced 
by the electret. 
With the back electrode touching the zirconia, 
Eq. (9) simplifies to 
(10) Ef-( S f S / £ )/( e0 (sf+(s/ £ ))). 
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Reading E allows determination of s alone. 
The above equation is symmetric with respect to the 
opposite face, ie. turning the dielectric over will yield 
the value of s . Given s = -s , there is an 
indication that the zirconia may be an electret. The 
proof is necessary but not sufficient to eliminate free 
surface charges as the cause of the observed field. This 
method is informative and only offers the experimental 
difficulty of having the sample in good contact with 
the back electrode. 
The reasons for use of an electrometer are obvious 
when conditions of our research are understood. We desired 
to measure currents in the InA range. We desired to 
measure resistances in the 100 M ohm range. Circuit 
loading must be minimized, and the electrometer provides 
functions not provided on general purpose equipment., 
such as, charge measurement, sensitive current 
measurement, and high speed current measurement. 
After applying an electric potential across the 
surfaces of our samples we measured the effective surface 
charge density, on the front and back surfaces of the 
zirconia. The measurements were made using a capacitive 
probe method described below. Volume charge measurements 
were also made on selected samples. 
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We shall designate the surface adjacent to the 
positive electrode as the positive side and the other 
as the negative side, so as aid the reader in 
distinguishing heterocharged from homocharged samples. 
The electric field in front of the zirconia disc 
indicated in Eqs. (7)-(9) is measured by means of an 
electrometer connected to a probe. 
The electrometer is used as a high impedence voltmeter, 
which is calibrated to read the surface to probe 
potential. The probe we used measures potentials to 15Kv.' 
The system is designed to measure static charge on flat 
surfaces. 
Ideally one should perform measurements of 
this kind under a humidity and temperature controlled 
enviroment. Unfortunately this was not possible at the 
time our measurements were being made. The maximum 
acquired potential and leakage rate is normally affected 
by relative humidity and temperature of the surrounding 
atmosphere. The static dectector should be kept away 
from the edge of the sample since the field will be 
distorted in this vicinity. 
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System Parameters and Charge Measurement. 
Let Cj® capacitance from the charged surface and 
the probe target, C3= capacitance from the charged suface 
to the cylindrical shield and the target, with the target 
connected to the input of the electrometer, and 
C2 = total capacitance to ground of the target, the 
connecting cable Hi conductor, and the input circuit of 
the meter. Some of this capacitance has been eliminated by 
connecting the probe directly to the meter. 
Our electrometer-voltmeter has an input resistance 
greater than lO14 ohms. Its function is to measure the 
voltage of capacitor C2. There is no significant charging 
of C by the electrometer during the time voltage 
measurements are being made. C1E1 - C2 E2 where Ei is 
the potential difference across C 1 and E2 is the potential 
across C2. Charge being defined as Q = CE , implies that 
the charge of Ci is determined by the geometry of the 
target, the shield, and the distance of the static 
detector from the charged surface. The distance is chosen 
to give adequate sensitivity. 
Upon measuring the voltage of the charged 
surface, the total charge in the area affecting the target 
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is determined by 
Q=C3E^ Q= coulombs 
(a) C= picofarads 
E= volts 
For the 2503 static detector probe = O.Olpf and 03= 
0.6pf where the above capacitances are accurate to 
±30%. The area inside the shield is 0.026 in2. Charge 
density as measured by the probe is expressed as 
C3E1/ AREA. 
After measuring the surface charge, a label was 
pasted on a plastic bag that contained the sample. The 
label listed the thickness, field apllied in charging, 
date of preparation, time of charging,the nature of’the 
charge (heterocharge or homocharge, the temperature at 
which it was prepared and a number as a precautionary 
measure. 
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Precautions were taken to see that in each 
measurement, the same area of the electret surface under 
ivestigation was positioned accurately the probe. This 
is very important, because measurements at different places 
•are likely to give slight differences in the magnitude 





Substances used for electret studies must show 
either suitable polar properties or extremely low 
conductivity due to a large number of deep trapping 
centers. Zirconia has has low conductivity (resistance 
> 10 12 ohms) at room temperature, however the conductivity 
increases considerably with increases in temperature. 
The conductivity is responsible for the decay of excess 
"real" charges in the bulk of the material, in the case" 
of dielectrics with intrinsic conductivity g. In 
nonconductive materials, ie. those devoid of intrinsic 
carriers, an excess charge decays, due to the carrier 
mobility [2], 
Literature reveals that dipolar polarization of 
organic crystals may be caused by structural properties 
of the crystal lattice or it may be due to lattice 
imperfection or doping. 
Our study indicates that there is little permanent 
or quasi-permanent dipole polarization of yttria 
stabilized zirconia. *For this reason dipolar polarization 
will not be discussed at length. 
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In the preparation of electrets many factors 
influence the sturucture and surface properties, the 
most important factors being temperature, strength of 
electric field, electret material, atmospheric conditions, 
preparation technique and other such considerations. 
The effect of each of these factors has been studied 
to some extent by many scientists. The author has 
attempted to study further the effect of different 
temperatures on the properties of and behavior of 
electrets prepared with stabilized zirconia. The results 
obtained help arrive at certain conclusions discussed 
in Chapter 5. 
APPARATUS 
The following is a list of the experimental 
apparatus used. 
General Electric XRD5 diffractometer, fitted for Laue 
back reflection photographs and computer controlled step 
scanning. 
Keithley model 616 electrometer 
Keithley model 2503 static detector probe 
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Primeline R-02 chart recorder 
Shielded test enclosure 
Blue M gravity oven 
Electric furnance 
Machined brass and aluminum electrodes including sample 
holders. 
SAMPLE PREPARATION 




crystal zirconia , stabilized with 
Molar % Y2O3) , was cut into varuious 
on a low speed diamond wheel saw. 
2. The samples are cleaned by washing in acetone. 
3. Samples 
for two hr 
are then annealed in an electric 
at a temperature of 800 °C. 
furnance 
4. The sample is placed on lower electrode made 
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of brass, where the electrode is connected to ground 
potential. 
5. The upper (positive) electrode is then 
brought into contact with the surface of the sample. 
It is at this point that the sample is ready to be charged. 
ELECTRET PRODUCTION 
The method of electret production for the zirconia 
samples is very simple. Having prepared samples as 
outlined above, selected samples (sandwiched between 
appropiate electrodes) were then placed inside an oven. 
The temperature inside the oven is, (1) stabilized at 
some elevated temperature. The assembly then needs (2) 
the application of a dc potential for some selected period 
of time. Fig. (4) shows the electret strengths for various 
voltages applied to the electrodes, and shows the 
electret strengths for various soaking temperatures (where 
applied field strength is constant). 
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CHARGE MEASUREMENT 
After applying an electric potential across the 
surfaces of our samples we measured the effective surface 
charge density, on the front and back surfaces 
of the zirconia. The measurements were made using a 
capacitive probe method described below. Volume charge 
measurements were also made on selected samples. 
We shall designate the surface adjacent to the 
positive electrode as the positive side and the other 
as the negative side, so as aid the reader in 
distinguishing heterocharged from homocharged samples. 
The electric field in front of the zirconia disc 
indicated in Eqs. (7)—(9) is measured by means of an 
electrometer connected to a probe (see Fig. 6b). 
The electrometer is used as a high impedence voltmeter, 
which is calibrated to read the surface to probe 
potential. The probe we used measures potentials to 15Kv. 
The system is designed to measure static charge on flat 
surfaces. 
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Preservation of Electrets 
Atmospheric conditions and seasonal changes play 
a vital role in affecting the surface charge of electrets. 
This necessitates devotion of careful attention to storage 
details for the preservation of electrets. When they 
are exposed to humid air there is a decrease in charge. 
With zirconia, exposure to humid air causes a more rapid 
decay of surface charge than is normally observed. 
Dry weather is best suited for the preparation, 
measurement and preservation of electrets. Our samples 
were kept in dessicators to aid the preservation of 
charge. The charge retention of the electret is also 
enhanced by the short circuiting of the electrets. 
We have observed that charge measurement should 
be made immediately after removing the short circuit, 
as the charge decays considerably in the open circuit 
condition. 
Visualization of the method of short circuiting 
is aided by Fig. (5). The sample prepared in the sample 
holder is short circuited by connecting the lead wires 
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to each other. 
Fig.5 Sample short circuiting diaram 
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VERIFICATION OF ELECTRET PRODUCTION 
In a series of experiments the following "standard" 
polarization conditions were employed for all the samples: 
the sample was placed in an electric field having the 
strength of 20 Kv/cm; it ,was held for 30 min at room 
temperature , then raised to and held at a soaking 
temperature of 80 °C, for a period of one hour, then the 
temperature was reduced to room temperature. The diameter 
of the samples were about 1.5 cm, the thickness about 
.1 cm, the electrodes were machined and polished brass 
disk 1 cm in diameter. The charge retention was monitored 
for a period of 30 days. The results are shown in Figs. 
(8-14). The results shown in Figs. (8-11) of surface 
charge as a function of time give a for the positive 
side only. Those in Figs.(12-13) show charge for both 
sides. In all cases the charges indicated are homocharge. 
A difference of charge could be expected between electrets 
formed at different temperatures. Therefore to investigate 
the effect of temperature on the magnitude and nature 
of the surface charge, electrets were prepared at 
different temperatues keeping the thickness and the 
charging field constant. The temperature was varied from 
room temperature to 200 °C. In all cases, constant 



































Fig. 8 Charge rentention following polarization under 
under standard conditons. 
9 Charge rentention following polarization 
under standard conditions. 
Fig . 
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Fig. 10 Charge rentention following polarization 
under standards conditions. 
Fig. 11 Charge rentention following polarization 
under standard conditions. 
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Fig. 12 Charge rentention following polarization 
under standard conditions. 
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Fig. 13 Charge rentention following polarization 
under standard conditons. 
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maintained for 30 min only, while the field was 
being applied and then reduced to room temperature. The 
results obtained are shown in Fig. (4). In addition to 
investigating the behavior of charge on the electret, 
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a study was undertaken with the help of X-rays to 
corroborate these results. 
In another investigation of electret 
production instead of a single disc of zirconia a stack 
of four discs of thickness .5cm were sandwiched between 
aluminum electrodes. A high D. C. potential of 10 Kv 
was applied during the electret production process to 
create an internal field strength of 5 KV / cm. The stack 
was soaked at a temperature of 90°C for 48 hr then, 
cooled in the field. The stack was examined with the 
static detector probe, a rotating table, and a highly 
sensitive electrometer and produced the readings shown 
in figure (14). 
In this experiment the conversion of the voltage 
readings of the electrometer' is as outlined in Chapter 
Two . 
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Top Side, toward 
positive electrode 










Stack of 4 0.1476 1.6x10-’ -0.1744 -1.93x10-’ 
Stack of 3 0.0320 3.5xl0-18 -.0.0444 -4.90 >:10-’ 
Stack of 2 0.0320 6.lxl0-*« -0.0480 -5.30 xl0-‘8 
Single disc 
Bottoa 0.0071 7.90 xlB-“ -0.0320 -8.80 xl0-18 
Second froa 
bottoa 
0.0290 3.22 xl0-10 -0.0310 -3.40 xl0-'8 
Third froa 
bottoa 
0.0137 1.50 xl0-‘® -0.0371 -4.10 xl0-10 
Top Disc 0.0877 9.70 xl0->e -0.0716 -8.00 xl0-‘B 
Table 3.1 Sur-face charge retention on a stack of four 
irconia discs 
Chapter IV 
Results and Conclusions 
Introduction 
In an attempt to substaniate the claim that 
homocharges are space charges, in contrast to homocharges 
being distributed only in a thin layer close to the 
electrodes, we prepared and charged a stack of four discs 
( the details of which have been stated previously). 
Although, the disc were carefully ground, there are still' 
air gaps present between the surfaces of the discs. 
Charges accumulate at the interfaces of the sample and 
electrodes, and these charges may penetrate into the 
dielectric thereby making more difficult or intricate 
the charge distribution in the dielectric. Accordingly, 
we cannot affirm, that the presence of persistent charges 
on the surfaces of the individual discs unambiguously 
indicates volume distribution of the charges in the 
electret. 
Owing to the external force, when an electert 
is polarized, there is stored in it a certain amount 
of electricity, arising from the displacement current 
if only a heterocharge is formed. The situation is more 
complex in the case of homocharge. 
The column of four disc showed positive charge 
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and negative charge on the positive electrode side and 
negative electrode side respectively. The magnitudes 
were the same within ± 10%. It is necessary that the 
magnitudes of the charges be equal to establish true 
electret behavior. 
As the discs were un-stacked, the remainder of 
the stack continued to show positive charge on one side 
and negative on the other. The magnitudes of the charges 
of the remaining stack varied widely from that of 
the entire stack. Each separate disc also showed the 
same characteristics of opposite charge on opposite faces 
and approximately equal magnitudes of charges. The results 
indicate that there is charge separation within boundaries 
or polarization within the bulk is analogous to the 
behavior of a broken bar magnet. 
Our results in terms of equality of the magnitudes 
of surface charge on opposite faces, the production of 
homocharge, and the non-uniformity of charge at various 
selected depths in the sample are characteristic of 
electrets. Although, perhaps the most important 
characteristic, retention of charge for a time that is 
considerably longer than the time for formation is 
absent. 
The non-uniformity in the surface charges were 
found to occur in all repetitions and they appeared to 
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be systematic. The most likely cause of the fluctuations 
appears to lie in the lack of precision in positioning 
the probe in successive readings, lattice defects, and 
the relatively rapid decay of surface charge of the 
samples. It is suspected that transportation of oxygen 
ions through single crystals affect the neutralization 
of separated charges and/or there is a back difussion 
of separated charges within domain boundaries. 
It should be noted that zirconia could not be 
polarized at temperatures above 100 °C. As the temperatures 
approached 100 °C and above the current through the sample 
increases rapidly produces an overload condition in the 
charging circuit. The results (not shown) showed that 
above 100°C an increase in temperature has a negative 
effect on the maximum charge stored. Dark brown deposits 
believed to associated with the transport of oxygen 
through the sample are observed, and appear to propagate 
in the negative to positive electrode direction. 
Resistance measurements on the samples indicate a reduced 
impedance. The samples may be cleared of these deposits 
by sintering the zirconia in an oven at temperatures 
800 °C or more for about an hour. 
Fully stabilized zirconia (Zr02-Y2Û3, 9.8 molar 
Y 2®3) exhibits behavior characteristic of electrets in 
most respects, however with repect to the characteristic 
47 
of " quasi-permenent charge retention for a period of 
time much longer than that required for charging, was 
absent from our series of experiments. 
The variation of the surface charge density with 
time during a 30 day period (in the case of all samples 
investigated) show that CJ fluctuates with time, and 
shows a general tendency to decrease. It is inapparent 
that the jumps in the curves are associated with changes 
in the ambient temperature and humdity. Dependency of 
charge retention with respect to these variables is masked 
by the rapid decay of surface charge. Yet, we are able 
to detect that the overall decrease is connected to the 
frequency of charge measurement. Results are analogous 
for charging conditions other than the "standard" 
conditions . 
Analysis of data obtained indicate that the optimum 
conditions of charging for optimum conditions of charging 
for obtaining electrets are low to moderate temperatures 
(25- 100°C), field strength of about 30Kv/cm and a soaking 
time of about 2 hr. Soaking times greater than one 
or two hours and different thicknesses have little effect 
on the maximum retained surface charge. 
It follows from Fig.(4a) that, in general, 
increases with increasing field strength E. 
It should be noted that at all field strengths 
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a matter of days).,. Consequently, in our opinion, they 
cannot be regarded as electrets in the sense of the 
defintion of electrets. 
49 
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